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reaction  products  using  select  spray  reagents.  Reagents  were  screened  for  shelf  life  and  toxicitjl 
The  wavelength  of  absorbence  and  absorptivity  of  the  reagent  explosive  complex  was 
determined.  The  spray  reagent  of  choice  capable  of  detecting  0.4  micrograms  TNT  is  prepareef 
by  adding  5 grams  1 ,3.-diphenylacetone  and  6 milliliters  20  percent  tetraethylammonium 
hydroxide  in  methanol  to  100  milliliters  ethanol.  RDX  and  Nitrate  esters  are  detected  at  the 
0.4  micrograin  level  by  spraying  the  substrate  with  a suspension  of  10  grams  of  zinc  dust  in 
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oolofd  romction  prodaeta  with  TUT,  RDX  and  Nitratm  aatara 
(PSTN,  EGDN) . Laathar  waa  shown  to  be  the  only  common  matatial 
incompatible  with  the  spray.  A dacraasa  in  aanaitivity  waa 
observed  on  dark-colored  paper  because  the  reaction  product 
and  the  background  were  similar  in  color.  The  high  sensitivity 
of  these  reagents  (0.4  fig)  and  their  low  expected  false  alarm 
rate  should  provide  an  explosive  detection  capability  suitable 
for  letter  and  package  bomba. 

Future  work  will  be  conducted  at  Naval  Explosive  Ordnance 
Disposal  Facility . The  spray's  maximum  sensitivities  will  be 
determined  under  ideal  conditions  using  white  filter  paper  and 
under  real-world  conditions  using  typical  envelopes  and  flats 
which  have  arrived  at  NAVEODFAC  via  the  U.S.  Mail.  Common 
materials  which  may  give  false  alarms,  end  the  feasibility  of  using 
the  two  sets  of  sprays  sequentially  will  also  be  investigated . 

The  result  will  be  an  inexpensive  easy-to-use  spray  detection 
kit  with  known  real-world  sensitivity . 
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INTRODUCTION 


Recantly,  the  ■•adlng  of  oxploalvo  dovicoa,  ovan  aa  lattar  bonba» 
packagt  bomba*  and  luggaga  boo^a  through  tha  miill*  and  tha  uaa  of 
exploalva  davlcaa  agalnat  both  tha  civilian  and  military  population 
has  Incroaaad  in  cartaln  nationa.  Vfhila  not  yat  a major  problam  in 
tha  Uni tod  Statoa,  tha  poaalbillty  of  it  baeomlng  a aarloua  problam 
ahould  not  ba  ovarloofcad.  Not  knowing  whathor  a auapieloua  looking 
lattar  or  packaga  contalna  axploslvaa  and  la  llkaly  to  datonata,  produoas 
anxiety  ainong  paopla  who  must  handle  thaaa  packages*  and  those  coneamad 
with  their  safety.  It  is  known  that  small  quantitiaa  of  axploalvas  are 
somatlmea  dapoaitod  on  the  outer  surface  of  letter  bombs  and  packages 
during  tha  preparation  of  tha  explosive  device.  Most  axploalvas  used 
in  tha  preparation  of  such  a device  have  sufficient  vapor  prasaure  at 
ambiant  conditions  to  diffusa  traces  of  thass  explosives  to  tha  surface. 
These  small  quantities  of  explosives  should  ba  detectable  under  proper 
conditions.  Currently  there  are  no  test  kits  available  that  are  spa* 
clflcally  designed  to  detect  trace  quantities  of  explosives.  Hence  this 
program  was  initiated  to  develop  such  a kit. 

The  proposed  study  is  designed  to  develop  a simple,  portable  kit 
which  will  permit  a person  to  determine  whether  a suspicious  looking 
letter  or  package  contains  explosives.  The  test  kit  should  be  siopla* 
easy  to  operate,  and  give  the  results  rapidly.  It  is  pref arable  that 
the  test  reagent  be  colorless  or  at  least  very  light  in  color.  It 
is  recognized  that  more  than  one  consecutive  reagent  may  ba  required 
In  order  to  give  a definite  answero  Further,  the  test  reagent  should 
be  nontoxic  and  should  be  safe  if  sprayed  on  humans.  The  taiit  reagent 
spray  should  not  deface  the  letters  or  packages  in  any  way,  should  be 
specific  for  explosives,  and  give  no  false  positive  or  negative 
detections.  Finally,  the  test  reagent  should  show  good  senolclvlty 
since  the  quantities  of  explosive  being  detected  are  likely  to  be  quite 
small.  The  capability  to  distinguish  between  explosives  is  highly 
desirable,  but  this  does  not  appear  feasible  with  a single  reagent. 
However,  it  should  be  possible  to  do  this  with  a series  of  several 
reagents.  Specifically,  this  study  is  concerned  with:  (1)  the  study  of 

the  chemistry  of  the  various  classes  of  explosives  likely  to  be  found 
in  letter  bombs  and  package  bombs,  with  special  emphasis  on  their  color 
forming  reactions;  (2)  the  study  of  the  color  forming  reactions  to 
determine  which  ones  might  be  suitably  specific  and  adaptable  to  a test 
kit;  and  (3)  the  design  of  the  test  kit. 

In  summary,  the  kit  resulting  from  this  project  should: 

(1)  Heve  the  ability  to  detect  very  low  surface  densities  of 
dynamite,  trinitrotoluene,  RDX,  and  pentaerythrltol 
tstronitrate. 


(2)  B«  spaclfle  and  glva  taw  falsa  poaitlva  raactlons  and 

If  poaalbla  tha  coamon  infarancaa  for  tha  tast  should  ba  known > 

(3)  Usa  raactnnts  which  ara  not  axtranaly  toxic  or  highly 
corronive. 

(4)  Involve  a maximum  numbar  of  thraa  or  four  spray 
raaganta . 

(5)  Hava  a ahalf  Ufa  of  at  laast  thraa  months. 

In  addition,  it  would  be  highly  daalrabla  that  tha  kit  ba  able  to 
dlfferantlata  among  tha  various  types  of  explosives  and  should  ba 
nonstaining  and  noncorrosive  on  the  common  surfaces  on  which  It  will  ba 
used.  These  surfaces  Include  paper  of  all  types,  leather,  and  certain 
plastics  which  are  used  In  the  manufacture  of  luggage. 

Those  explosives  that  ere  currently  of  prime  Interest  Include 
the  following. 

(1)  Dynamite  (NG  and  EGDN) 

(2)  2,4,6-Trlnltrotoluene  (TNT) 

(3)  Cyclonlte  (RDX) 

(4)  Pentaerythrltol  tetranitrate  (PETN). 

RESULTS 

The  properties  of  those  reagents  for  the  detection  of  TNT,  the  nitrate 
esters  (NG,  PETN  and  EGDN),  and  RDX  that  were  selected  for  further 
consideration  are  presented  In  Tables  Al,  A2  and  A3.  As  can  be  seen  from 
the  tables,  a nximber  of  reagents,  potentially  useful  to  the  0.4  microgram 
level,  have  been  identified  for  all  three  classes  of  explosives. 

The  toxicity  data  were  all  obtained  from  "The  Toxic  Substance  List," 
1974,  ed.,  H.  Christiansen,  ed. , U.  S.  Department  of  Health,  Education  and 
Welfare,  HEW  Pub.  No.  (NIOSH) 74-134.  It  should  be  kept  in  mind  that  when 
the  toxicity  data  are  listed  as  unknown  it  merely  means  that  the  data  are 
not  presented  in  the  compilation.  Time  did  not  permit  a literature  search 
to  determine  whether  the  data  were  available  elsewhere. 

The  candidate  reagents  for  the  detection  of  TNT,  nitrate  eaters  and 
RDX  were  thoroughly  evaluated  and  a number  of  potential  reagents  eliminated. 
Selected  reagents  were  then  given  a second  evaluation  to  determine  whether 
the  results  previously  obtained  were  reproducible.  Following  this  step 
even  more  reagents  ware  eliminated  from  consideracion,  leaving  only 
three  candidate  reagents  for  the  detection  of  TNT  end  six  candidate 
reagents  for  the  detection  of  the  nitrate  esters  and  RDX. 
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Storage  teats  were  conducted  on  these  reagents,  and  their  hblllty 
CO  detect  Che  explosives  of  Interest  on  a varlaty  of  substrates  was 
examined.  The  subject  of  possible  Interferences  present  In  the  various 
substrates  Is  also  addressed.  Finally,  a single  reagent  was  selected 
for  each  of  the  three  classes  of  explosives  of  Interest. 

2.4.6-Trlnltrotoluene  (TMT) 

At  the  end  of  the  broad  reagent  screening  portion  of  this  program 
a total  of  45  candidate  reagents  for  the  detection  of  TNT  remained.  The 
first  step  In  elimination  of  some  of  the  reagents  from  further  consider- 
ation was  a thorough  evaluation  of  all  tho  candidates.  This  Involved 
carrying  out  the  color  generation  In  solution  and  measuring  the  absorption 
maximum  and  the  absorptivity.  The  result  of  this  avaliiatlon  Is  presented 
In  Table  A4.  On  the  basis  of  these  experiments  11  of  the  reagents 
were  selected  for  further  evaluation.  The  thorough  evaluation  of  these 
11  reagents  was  than  repeated  to  determine  the  reproducibility  of  the 
reagent  systems.  The  comparison  of  the  results  of  the  two  series  of 
experiments  are  collected  in  Table  A5. 

Although  the  comparisons  between  the  two  series  of  experiments  do 
not  agree  well  In  some  Instances,  three  candidate  reagent  systems  were 
selected  for  further  consideration.  These  reagent  systems  are: 

(1)  1 , 3-Dlphenylacetone-Et^NOH 

(2)  Cyclopentanone-Et^NOH 

(3)  Nltromethane-ET^NOH 

All  of  these  reagents  employ  ethanol  as  the  solvent.  All  three  reagents 
were  subsequently  prepared  and  stored  at  room  temperature  for  a period 
of  five  weeks,  with  the  sensitivity  of  the  reagent  being  checked  weekly 
and  any  color  change  In  the  reagent  noted.  The  results  of  these 
storage  tests  are  sho\m  In  Table  A6.  Although  all  three  reagents  undergo 
a color  change  on  storage,  this  does  not  appear  to  affect  their  ability 
to  detect  low  levels  of  TNT.  All  reagents  were  capable  of  detecting 
0.4  ^g  of  TNT  at  the  end  of  five  weeks  of  storage.  The  color  of  the 
reagents  seemed  to  stabilise  after  about  two  weeks;  no  further  color 
changes  were  noted  after  this  period.  It  Is  anticipated  that  these 
systems  will  be  stable  for  an  even  longer  period,  but  time  did  not  permit 
further  storage  tests.  Since  the  reagent  based  on  1,3-dlphenylacetone 
underwent  the  least  color  change,  this  Is  the  reagent  of  choice. 

Since  all  three  reagents  had  the  same  capability  for  the  detection 
of  TNT  when  freshly  prepared,  only  one  of  the  systesis,  cyclopentanone- 
ET.NOH,  was  examined  for  Its  ability  to  detect  TNT  In  the  various 
substrates.  A total  of  34  substrates  was  examined  and  these  results 
are  presented  In  Table  A7.  With  the  possible  exception  of  leather,  the 
reagent  responded  satisfactorily  on  all  the  substrates.  On  leather 
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it  Is  InpOBSlbls  to  detect  smell  quantities  of  TNT,  but  this  could 
possibly  be  due  to  the  fact  that  the  color  of  the  leather  (brown) 
obscured  the  positive  response  of  the  small  amounts  of  explosive. 

The  reagent  of  choice  for  the  detection  of  TNT  is  based  on  1,3- 
dlphenylacetone  and  tetraethylammonlum  hydroxide  in  methanol.  The 
spray  reagent  Is  prepared  by  adding  5 grams  1,3-dlphenylacetone  and  5 
milliliters  20  percent  tetraethylammonlum  hydroxide  In  methanol  to  100 
milliliters  ethanol.  When  the  system  described  above  Is  used  as  a 
spray  reagent  the  presence  of  TNT  produces  a rad  or  red-orange  color. 

This  reagent  Is  sensitive  to  at  least  the  0.4  ftg  level  of  TNT  and  may 
be  useful  at  even  lower  levels.  No  tests  were  conducted  at  lower  levels. 

This  reagent  Is  reported  to  be  specific  for  polynltro  aromatic 
compounds.  Thus  It  will  detect  compounds  other  than  TNT,  and  these  other 
polynltro  aromatic  compounds  could  be  considered  as  Interferences  for  this 
test.  However,  consultation  with  paper  and  packaging  experts  Indicate 
that  such  compounds  are  not  very  likely  to  be  encountered  in  the  various 
substrates.  No  polynltro  aromatics  are  used  in  the  preparation  of 
various  types  of  paper,  cardboard,  or  other  substrates  of  Interest,  nor 
are  they  used  as  additives  to  these  substrates.  Thus  a positive  response 
to  this  reagent  on  various  substrates  probably  indicates  the  presence  of 
TNT. 


Nitrate  Esters 


At  the  and  of  the  broad  reagent  screening  portion  of  this  program 
almost  100  candidate  reagents  remained  under  consideration.  A thorough 
evaluation  of  most  of  these  reagents  was  the  first  step  In  reducing  the 
nund>er  of  potential  reagents.  This  Involved  carrying  out  the  color 
generation  reactions  In  solution  and  measuring  the  absorption  maximum 
and  the  molar  absorptivity.  The  results  of  these  experiments  are  collected 
In  Table  A8.  No  reagents  Involving  azulene  were  examined.  Based  on  the 
results  of  these  experiments  36  of  the  candidate  reagents  were  selected 
for  further  examination.  These  reagents  were  reexamined  to  determine 
the  reproducibility  of  the  reagent  systems.  The  comparison  of  the 
results  of  the  two  experiments  are  collected  In  Table  A9.  It  can  be 
seen  from  this  table  that  much  better  agreement  between  the  two  experi- 
ments was  obtained  than  was  obtained  with  the  TNT  reagents.  On  the  basis 
of  these  results  six  reagents  were  selected  for  further  examination.  All 
gave  molar  absorptlvltles  around  50,000  and  yielded  a red  color.  These 
reagents  Included  the  following. 

(1)  p-Amlnobenzolc  acid 
N-Pheny 1- i-naphthy lamlne 

(2)  p-Aminoacetophenone 
N-Phenyl-l-naphthylamlne 
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(3)  Dlanlnodlphtnylsulfone 
N-Phtnyi-l-naphthylanlne 

(4)  p-Amlnob«nsonltrile 
N-Ph«nyl-l-naphthylataln« 

(5)  Procaine 

N, N-Dlmethyl-l-naphthy lamina 

(6)  Sulfanilamide 
N-Phenyl-l-naphthy lamina 

All  the  reagents  are  prepared  in  50/50  acetic  acld/water  and  are  applied 
following  a spray  of  zinc  dust  in  benzene. 

All  six  of  the  reagents  described  above  were  subsequently  prepared 
and  stored  at  room  temperature  for  a period  of  five  weeks,  with  the 
sensitivity  of  the  reagent  being  checked  weekly  and  any  color  change  in 
the  reagent  noted.  The  results  of  this  study  are  presented  in  Table  AlO. 
All  of  the  reagents  developed  some  color  on  storage.  However  this  color 
did  not  deter  from  the  reagents'  ability  to  detect  low  levels  of  the 
nitrate  esters.  All  detected  the  nitrate  ester  at  0.4  ^g  even  after 
five  weeks  of  storage.  There  is  every  reason  to  believe  that  this  reagent 
is  stable  indefinitely  since  it  is  merely  a solution  of  a primary 
aromatic  amine  and  a coupling  agent  in  aqueotis  acetic  acid.  These  two 
components  should  not  react  with  each  other.  As  mentioned  previously,  all 
the  reagents  developed  a slight  amount  of  color  but  this  color  is  probsbly 
due  to  the  traces  of  nitrate  ion  present  in  the  water  supply.  The 
reagent  that  developed  the  least  color  is  based  on  procaine  and  N,N> 
dlmethyl-l~naphthylamlne,  and  this  is  the  reagent  of  choice  for  the  nitrate 
ester  detection. 

Since  all  six  reagents  had  the  same  sensitivity  when  freshxy  prepared, 
only  the  reagent  consisting  of  procaine  and  H,N-'dlmethyl-l-naphthylaad.ne 
was  examined  for  its  ability  to  detect  FETN  on  the  various  substrates. 

A total  of  34  various  substrates  were  examined  and  the  results  of  this 
experiment  are  presented  in  Table  All.  As  can  be  seen  from  these  results, 
the  reagent  has  good  sensitivity  on  almost  all  of  the  substrates.  In 
the  case  of  the  one  leather  sample  examined,  no  positive  response  was 
obtained.  The  leather  turned  very  dark  brown,  possibly  obscuring  the 
positive  response,  and  became  very  brittle.  In  the  case  of  polyethylene 
and  polyvinyl  chloride  the  colors  fsdad  and  with  sevsral  of  the  dark  brown 
substrates  quantities  less  than  100  micrograms  of  PETN  could  not  be 
readily  detected.  It  was  also  noted  that  in  one  instance  a weak  positive 
response  was  given  by  the  glue  on  one  of  the  envelopes.  In  sumBary,  this 
reagent  appears  to  work  well  on  most  of  the  substrates. 

The  reagent  of  choice  is  prepared  by  dissolving  0.35  grmns  of 
procaine  and  0.35  grams  of  N,N-dimethyl*-l-naphthylamlne  In  a 100  milliliter 
mixture  of  50/50  acetic  scld/distllled  (or  deionized)  water.  It  should 
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be  pointed  out  that  the  uee  of  dletllxed  water  la  very  Important  In  the 
preparation  of  this  reagent.  The  use  of  ordinary  tap  water  la  likely 
to  result  In  a highly  colored  reagent  because  of  the  presence  of  nitrite 
Ion.  This  reagent  Is  applied  as  a spray  following  a spray  of  a 
suspension  of  10  grama  of  sine  dust  In  100  milliliters  of  bensane.  The 
presence  of  nitrate  eaters  Is  Indicated  by  the  development  of  a red  or 
red-violet  color.  This  reagent  Is  sensitive  to  at  least  the  0.4  ^g  level 
of  the  nitrate  esters  and  may  be  useful  at  even  lower  levels.  However  no 
tests  were  conducted  at  lower  levels. 

This  reagent  Is  specific  for  nitrite  Ion  or  compounds  that  will 
liberate  nitrate  Ion  under  the  conditions  of  the  test.  Thus,  ROX  Is  also 
detected  by  this  reagent.  However  In  consultations  with  paper  and 
packaging  experts  It  has  been  determined  that  neither  nitrite  Ion  (nitrite 
salts)  nor  nitrite  Ion  releasing  compounds  are  a usual  component  or 
additive  to  the  substrates  of  Interest.  Thus  this  reagent  system  should 
be  specific  for  the  nitrate  esters  and  RDX. 

RDX 


At  the  end  of  the  broaa  reagent  screening  portion  of  this  program 
almost  80  potential  RDX  reagents  were  still  under  consideration.  In  order 
to  eliminate  a number  of  these  reagents  from  further  consideration  the  first 
step  was  the  thorouf;h  evaluation  of  most  of  these  reagents.  This  involved 
carrying  out  the  color  generation  reaction  In  solution  and  masurlng 
the  absorption  maximum  and  molar  absorptivity  of  each  reagent  system. 

The  results  of  these  studies  are  presented  In  Table  A12.  It  should  be 
pointed  out  that  no  azulene-based  reagents  were  examined.  On  the  basis 
of  these  experiments  36  reagents  were  selected  for  further  study.  These 
are  essentially  the  same  reagents  selected  for  the  detection  of  the  nitrate 
esters.  These  reagents  were  reexamined  to  determine  the  reproducibility  of 
the  two  experiments.  The  results  of  this  comparison  Is  presented  In 
Table  A13.  As  can  be  seen  from  this  table,  very  good  agreement  was  obtained 
In  Che  two  experiments.  On  the  basis  of  these  results  six  of  the  reagents 
were  selected  for  continued  study.  The  selected  reagents  are  the  same  ones 
(•elected  for  the  nitrate  ester  determination.  All  give  red  colors  in  the 
presence  of  RDX  and  exhibit  molar  sbsorptlvlcles  In  the  50,000  range.  All 
use  50/50  acetic  acld/water  as  the  solvent  and  are  applied  following  the 
zinc  dust  spray.  The  reagents  selected  are  listed  below. 

(1)  p-Amlnobensolc  acid 
N-Phenyl-l-naphthylamlne 

(2)  p-Amlnoacetophenone 
N-Fheny 1- 1-naph  thy lamina 


' r* 
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(3)  Dlamlnodlphtnylsulfon* 

N-Ph«nyl-l*-naphthylainln« 

(4)  p~Anlnobansonltrll« 

N-Ph«nyl-l-n«phthylaaln* 

(5)  Procatn* 

N, N-Dlnathyl-l-naphthylamine 

(6)  Sulfanllamlda 
N-Ph«nyl-l-naphthylaalne 

All  alx  of  tha  abova  raagants  wara  praparad  and  put  on  atoraga 
taats  for  flva  waaks  at  room  tamparatura,  with  tha  aanaltlvlty  and  any 
color  changa  in  tha  raagant  balng  notad  waakly.  Tha  raaults  of  thaaa 
atoraga  taats  ara  prasantad  In  Tabla  A14.  In  atoraga,  all  tha  raagants 
davalopad  a alight  color  but  this  did  not  Intarfara  with  tha  raagants’ 
ability  to  datact  RSX.  All  six  raagants  raspondad  to  ROX  at  tha  0.4  fig 
lavel  evan  aftar  five  waaks  of  storage.  It  Is  anticipated  that  these 
raagants  ara  stable  Indefinitely  and  that  tha  color  will  not  change  to  any 
extant  since  most  of  tha  color  was  present  Initially  and  did  not  deepen 
In  storage.  That  raagant  with  the  least  color  was  based  on  procalne-NtN- 
dimathyl-l-naphthy lamina,  and  this  Is  the  raagant  of  choice. 

The  reagent  consisting  of  Procaine  and  N,N-dlmathyl-l-naphthylamlne 
was  selected  as  balng  representative  of  the  six  raagenta,  and  Its  ability 
to  detect  RDX  on  various  substrates  was  examined.  A total  of  34  substrates 
were  examined  and  the  results  are  collected  in  Tabla  A15.  The  sensitivity 
of  this  raagant  for  RDX  on  the  various  substrates  appears  to  be  adequate  for 
Its  Intended  purpose.  With  the  exception  of  leather,  the  reagent  detected 
RDX  on  all  tha  substances.  In  the  case  of  the  one  leather  sample  examined 
It  turned  vary  dark  brown,  possibly  obscuring  a positive  response  and 
became  vary  brittle.  Although  In  several  Instances  the  RDX  detection 
limit  was  40  micrograms,  in  moot  Instances  the  detection  level  was  4.0 
or  0.4  micrograms  of  RDX.  In  one  Instance  the  glue  on  one  of  the 
substrates  did  give  a weak  positive  response.  In  summary,  a reagent  of 
this  type  does  appear  to  be  usable  on  a variety  of  substrates. 

The  reagent  of  choice  for  the  detection  of  RDX  is  the  same  reagent 
chosen  for  nitrate  ester  detection,  and  Is  prepared  by  dissolving  0.35 
grams  of  procaine  and  0.35  grams  of  N,N'-dlm6thyl-l**naphthylamlne  in  100 
milliliters  of  a mixture  50/50  acetic  acld/dlstllled  (or  deionized)  water. 

It  Is  Important  to  use  distilled  water  since  the  use  of  ordinary  tap  water 
Is  likely  to  result  in  a highly  colored  reagent  because  of  the  presence  of 
nitrite  ion  In  the  water.  This  spray  reagent  is  applied  following  a spray 
of  a suspension  of  10  grams  zinc  milliliters  benzene.  A positive  response 
is  evidenced  by  the  development  of  a red  or  red-violet  color.  This 
reagent  Is  sensitive  to  at  least  the  0.4  fxg  level  of  RDX  and  may  be 
useful  to  even  lower  levels  but  we  did  no  studies  at  lower  levels. 


This  Is  spselflo  for  alerlts  loa  or  compounds  thst  vlll 

llbsrsts  nltrlts  Ion  under  chs  conditions  of  ths  test.  Thus  ths  altrste 
sstsrs  will  also  respond  to  this  rssgsnt.  However  pspsr  end  pseksilng 
experts  report  that  neither  nitrite  Ion  (nitrite  salts)  nor  nitrite  Ion 
releasing  compounds  era  a usual  component  or  additive  to  the  substrates 
of  Interest.  Thus  this  reagent  system  should  be  specific  for  RDX  and  the 
nitrate  eaters. 
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APPENDIX  A 

PROPERTIES  OF  DETECTION  REAGENTS  AND  REACTION  PRODUCTS 


as 

18 


5 ei 

ii 


S£ 


i 


I i 

V 1» 


O N 

H O r«4 

H O 


II  III 


jf  jf  if  ^ 3 3 g 

iltf^lifS  -i.i 

JiiiiJOliil 

w ......  ,.S  f •!^  . N ^ rt 

1 i i'  i Ti  11 1 1 1 i 


IIJJJ  JJJJIIJJJIII 


d d d d o 


w ^ u u 

o 0 0 0 o 

fH  ^ ^ 

<33355 


ddddddddddde 


3 3 

fe  2 

. -8  I 

S . . 

w V u a 4)  «i( 

U M So  O 60  60 

.3  g 9 a S 9 

3£3i!3£ii5 


10 

«» 

8 t 

H Q 


(0  M n 

« « 

V 41  6) 

|»*  W H 

U M fa 

0 o e 

iN 

5 5 3 


niA«i»M  «n«aaw««»iD(o« 

(OnOVtt  6)B(OlOBB(OBi6tt(B<OB 

VV4IV4I  VV6>VVwVwV8vV 

^ ^ fH  fH  ^ 

faMfafafa  faMfafafafafafafafafafa 

ooooo  ooooooooeooo 

55555  333353353355 


•O  0 
« 1- 
od  > 


B 8 

O 0 


> > > 
» _L 


So  p 

.S  *5  I 


■SI'S  it 

OdSod  flO«O0K«MMfl8>OO0 


e t 

0 0 


e e e 

^ “ o 


rH  M ^ ^ 

6 6 6 6 8 6 


£<^5iiiS£jS666S 


_ O 0 

o *M 

-”2  e s 

o e o 


4) 

S 

I 


^ & 
§ s 


O ^ F— 


ar  2 

• fa 

<M  9 

T -S 

u >« 
6s  "d 
U *f4 
•H 

^ 0 
P *H 
N 9 
flj  *»n 

d ^ 


*0 

fa 

u 


^ >s 


3 i 


5 .a 

a o 

.A  j, 

F >H  F F 

ifa  09  fH  ffa 


tJ  H P 

'-'IP 
« *P  •H 

In  tn  S 

o!)  n ^ 


fa 

U]  fa  B 

• u S I 

« * B I 

g«  I 

C fa 
fa  § U) 

V § * < 

fa  P 41 

pap 
«fa  o b 

M r*  ii 

a I p . 

•fa  fa  5 

a b M 

A i 2 


I 

J. 


s 

a 

I 

rs 

fak 

§ 

I 

% 
■ fa 

I 


2 

I 


ti  H 


t 2 


Diecfaylnrlne  DMSO  Violet  Colorleea  Colorless  0.4  Cow.  U>S0  540  s^/kg. 
PropylenedlaBlne  DIff  Violet  Colorless  Colorless  0.4  Cow.  U>50  2230  i«/1cg. 
Plperesine  OW  Violet  Colorless  Colorless  0.4  Cow.  U>S0  ■>.  11  g/kg. 
Potsssiw  iqrdroxUe  Methyl 

Cellosolse  Be<l-Tiolet  Colorless  Colorless  0.4  Cow.  LOSO  365  w/kg. 
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Colorleaa  Colorless  0.4  Cosb.  LDSO  'v  2g/kg. ; LDLo  ISO  ag/IcK. 


Violet  Colorless  Lt.  Velios  0.4  Com.  Ook.;  1990  620  ^/kg' 
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TABLE  A-4  PROPERTIES  OF  THE  TNT  DETECTION  SYSTEMS 


Molar  Absorbance 

Reagent 

mu 

e 

Solvent 

1, 3''Dlazablcyclo[5.4.0]undec-5-ene 

530 

10,000 

mso 

Nitron 

525-535 

5,700 

DMSO 

1 , S-Diazablcyclo (4.3. 0]non>5-ene 

535-545 

9,100 

DMSO 

Bis (4-Dlmethylamlnophenyl)me thane 

505-530 

38 

DMSO 

2,  3,5,  b-Tetramethyl'-p-phenylenedlamlne 

513-530 

307 

DMSO 

01- (9-Julolldyl)methane 

510-528 

76 

DMSO 

l,4-Dlazablcyclo[2. 2.2]octane 

520-530 

4,500 

DMSO 

1, S-Bls (dlmethylamlno)naphthalene 

532 

840 

DMSO 

3 , 4-Dlmethoxypheny lace tonltr 1 le*Et, NOH 

503-513 

5,910 

EtOH 

458-465 

6,140 

Benzylacetone-Et.NOH 

468 

6,360 

EtOH 

4 

505 

5,910 

3-Methyl-2-hexanone-Et^NOH 

500-512 

5,910 

EtOH 

Phenyl- 2-propanone-Et^NOH 

508 

5,910 

EtOH 

4-Chloropheny lace tonltr lle-Et^NOH 

512 

17,270 

EtOH 

Phenylacetonltrlle-Et^NOH 

505-515 

11,140 

EtOH 

p-Methoxyphenylacetonltrlle-Et, NOH 

508-515 

6,820 

EtOH 

460 

7,955 

1,3-Dlphenylacetone-Et^NOH 

500 

32,270 

EtOH 

5-Hexene -2-one-Et^NOH 

468 

6,365 

EtOH 

l-Phenyl-2-butanone-Et^NOH 

510 

6,590 

EtOH 

4,4-Dlmethoxy-2-butanone-Et^N0M 

575-505 

2,955 

EtOH 

Proplophenone-Et^NOH 

465 

6,820 

EtOH 

Cyc lohexanone-Et^NOH 

515 

10,230 

Et(« 

465 

8,410 

TABLE  A4  (Continued 


^max  Molar  Absorbance 
mu  ' < Solvent 


Reagent 

1 , 3-Dlcarbomethoxyacetone-Et^NOH 

Cholestan*3-one-Ety NOH 
4 

Progesterone-Et^NOH 

17-Methylestosterone-Et^NOH 

Pregnenlone-Et^NOH 

Testosterone-Et, NOH 
4 

TiClj-Dlpheny lacroleln 

TICI ^ 'Dime thy lamlnobenzaldehyde 

TlCl^-4-Dime thylamlnoclnnamaldehyde 

TiCl2-N(4-Pyridyl)pyrldinium  chloride 

SnCl2*2-Hydroxy-l-naphchaldehyde 

SnCl2"2-Chloro-4-dimethylamino- 

benzaldehyde 

SnClj* 2 ”Mfi thy 1-4-dime thy lamino- 
benzaldehyde 

SnCl2"Vanillin 

SnCl2’N(4-Pyridyl)pyridinium  chloride 

SnCl--2-Bromo-4-dimethylamino- 

benzaldehyde 

SnCl2-2-Phenoxy-4-dimethylamino- 

benZaldehyde 

SnCl2~^~Diniethylaminocinnamaldehyde 

SnCl2"2 , 5-Dimethoxy-4-diroethylaroino- 
benzaldehyde 

SnCl2'l3iphenylacrolein 


495-500 

1,000 

EtOH 

505 

4,775 

EtOH 

438 

5,170 

EtOH 

490 

5,055 

492-505 

3,410 

EtOH 

438 

3,070 

495-505 

3,600 

EtOH 

435 

3,410 

500-510 

2,615 

EtOH 

437 

2,045 

460 

40 

EtOH 

460^*^ 

60 

EtOH 

550 

1,230 

EtOH 

490 

1,250 

EtOH 

460^*> 

85 

EtOH 

460<*> 

75 

EtOH 

460(“> 

85 

EtOH 

460<“> 

75 

EtOH 

490 

1,590 

EtOH 

460^*^ 

45 

EtOH 

m 

o 

60 

EtOH 

520 

45 

EtOH 

460^*^ 

60 

EtOH 

460^*^ 

50 

EtOH 

TABLE  A4  (Coot  inued  ) 


^ 

max 

Molar  Absorbance 

Reagent 

mu 

c 

Solvent 

SnCl2''4‘-Dlmethylamlnobenzaldehyde 

460^*^ 

160 

EtQH 

SnCl2~4-Dlphenylamlnoben2aldehyde 

460^*^ 

60 

EtOH 

p-Nltrosodlmethylanlllne 

422 

11,025 

Eton 

KOH-Methylcellosolve 

505-535 

8,409 

Me  thy Ice 1 losolve 

(a)  No  absorption  peak  was  evident  In  this  spectra  but  since  the  solution  was 
yellow  the  absorbance  was  taken  at  460  mu,  the  middle  of  the  yellow 
absorption  band. 


(b)  No  absorption  peak  was  evident  In  this  spectra  but  since  the  solution  was 
orange  the  absorbance  was  taken  at  490  mu,  the  middle  of  the  orange 
absorption  band. 
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TABLE  A-8  EVALUATION  OF  NITRATE  ESTER  REAGENTS 


R«acant 

1 max 

ft 

Solvent 

p<AffllnobanEolc  acid 
N (1 -Naphthyl  )at:hylanadiaffllne 

555 

36,666 

HOAC-H2O 

4<^lnoaallcylie  acid 
N (l-Naphthyl)ethylenedlainine 

550 

27,333 

HOAC.H2O 

4«Affllnoacatophanone 
N-Pheny 1 >2 -naphthy lamina 

515-525 

12,500 

HOAc-HgO 

o-Dlanlsldlne 

m-Phenylenedlaffline 

455 

25,500 

HOAC-H2O 

1 -Amlnopyrene 

435 

(yel -green) 

5,417 

HOA6-H2O 

Sulfanlllc  acid 
m-Phenylaned lamina 

453 

19,778 

HOAC.H2O 

N«N-Dlphenyl -p-phenylenedlamlne 

520 

8,667 

HOA4-H20 

Indole 

465 

(yellow) 

1,000 

H0AC-H20 

p-Chloroanlllna 
N , N -Dimethyl -1 -naphthylamlne 

550 

14,333 

HOAh-HgO 

2 -Naphthylamlne -6 , 8-dlsul£onlc  acid 
N ,N-Dlmethyl-l-naphthy lamina 

558 

5,500 

H0Ac:-H20 

M ,N ,N ' ,N ' -Tetramethyl -p-phenylenedlamlne 

618 

565 

70,000 

H0A^-B20 

o-Tolldine 

440 

16,500 

HOAC-H2O 

Procaine 

N ,N-Dlmethyl -1 -naphthylamlne 

530-535 

42,333 

H0Aoi-H20 

Sulfanlllc  acid 
N ,N -Dimethyl -1 -naphthylamlne 

543 

21,667 

HOAd-H20 

p-Nltroanlllna 

N ,N-Dlmethyl -1 -naphthylamlne 

528 

45,333 

HOAC-H2O 

TABLE  A-8  (Continued) 


Re«genC 

^max 

c 

Solvent 

Tetramethylbenzldlne 

470 

7,833 

H0AC-H2O 

m~Pheny ianedlzffline 

450 

16,444 

MOAe  -H2O 

l<Affllno-7-n«phthalenesul£on£c  add 
N (1  -Naphthyl}ethylenedlainlne 

560 

7,833 

HOM-H2O 

Sulfanllic  acid 
N (1 -Naphthyl ) ethy lenedlamlne 

550 

33,333 

H0Aa-H20 

p-Nltroanlline 

N (1 -Naphthyl) ethylenedlamlne 

545 

28,333 

H04C.-H20 

Procaine 

N(1 -Naphthyl) ethylenedlamlne 

550 

30,667 

MOAb,.H20 

2-Naphthylaffllne-6,8-dlsul£onlc  acid 
N (1 -Naphthyl) -ethylenedlamlne 

550 

5,333 

HOAS-H2O 

p-Toluldlne 

N (1 -Naphthyl) ethylenedlamlne 

570 

11,667 

H0Aa-H20 

p-Chlo rani line 
N (1 -Naphtyl ) ethylenedlamlne 

560 

22,000 

H0Ae-H20 

p«Affllnobenzonltrlle 
N (1 -Naphthyl) ethylenedlamlne 

544 

40,667 

HQAC-H2O 

p-Phenylazoanlllne 
N (1 -Naphthyl) ethylenedlamlne 

498 

175,000 

H0AC-H20 

Dlamlnodlphenyl  sulfone 
N (l-Naphthyl)ethylenedlamlne 

550 

34,000 

HQAc  -H20 

2 -Ethoxy -3 , 6 -Dlamlnoacr Idlne 
N (l-Naphthyl)ethylenedlamlne 

553 

10,167 

HQAC-H2O 

3 -Aalnobenzotr l£luorlde 
N (1 -Naphthyl) ethylenedlamlne 

542 

26,333 

HOAC  .H2O 

Dlamlnodlphenylaul£one 
N •N-Dlmethyl -1 -Naphthylamlne 

532 

39,000 

HOAC-H2O 

4-Amlno -6 -Chloro-ffl-banKenedlaul£onamlde 
N (1 -Naphthyl) ethylenedlamlne 

480 

233 

HOAC-H2O 

40 


TABLE  A-8  (Continued) 


mill iu*iru v inMBi||mjpiii|imi.Wiy  T-.ir.TT^-~^".Ti 


Reagent 

^max 

c 

Solvent 

p^ainoaeetophenone 
N ,N>01fflethy 1 -1 -nephthy lamlne 

538 

43,000 

H0AC-H20 

p^ffllnobensonltrile 
N ,N-Dlaiethyl  -1  -Naphthylemlne 

528 

38,333 

HGAt  -H20 

p«Ainlnobeneolc  acid 
N ,N>Dlmethyl -1 -Naphthy lamlne 

535 

47,333 

H08t;-H20 

Sulfanilamide 

N (1 'Naphthyl) ethylenedlamlne 

544 

33,000 

HOAC-H2O 

Sulfanilamide 

l*^ino-7-Naphthalenesulfonlc  acid 

524 

44,667 

HOAC-H2O 

4«Amlnoacetophenone 
l-Affllno-7-Naphthaleneaulfonlc  acid 

530 

17,333 

H04c:-H20 

3 -Amlnobenzotr If luor Ide 
1 'Amino - 7 -Naphthalene sulfonic  acid 

521 

15,000 

HOAA-H2O 

p-Amlnobenzonltrlle 
l-Amlno-7-Naphthaleneeulfonlc  acid 

520 

18,667 

HOAC-H2O 

Dlamlnodiphenyl  Sul f one 
l<Amlno-7-Naphthalenesulfonlc  acid 

528 

39,333 

HOA0-H2O 

p-Amlnobenzolc  acid 
l-Amlno-7-Naphthalenesulfonlc  acid 

529 

24,333 

HOA&-H2O 

Sulfanilamide 

N ,N-Dlmethyl -1 -Naphthylamlne 

529 

36,667 

HUAC-H2O 

3*AiDlnobenzotrlfluorlde 
N ,N-Dlmethyl -1 -Naphthylamlne 

532 

25,667 

HOAC-H2O 

Sulfanillc  acid 
N-Fhenyl -1 -Naphthylamlne 

565 

2,333 

H04c-d20 

p-Amlnobenzonltrlle 
N-Fhenyl -1 -Naphthylamlne 

556 

40,333 

HOA0-H2O 

A^ffllnoacetophenonc 
N -Phenyl -1 -Naphthylamlne 

565 

43,000 

H0AC-H20 

41 
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TABLE  K4  (Contlnntd) 


I 


I 

I 

t 


R««g«nt 

^max 

a 

Solvent 

p«Affllnob«nioic  acid 
N -Rienyl >1 -Naphthylamlna 

563 

41,667 

HOte  -HgO 

l<Ainlno-4-^hloro-3«Toluanaaul£onle  acid 
l^mlno-7-Naphthalan*aul£onle  acid 

535 

28,667 

HOAc-HgO 

1 ^lao  -4  -Chloro  >3  -To  luaaaaulf onle  ae  id 
1 , 8-Naphthalanadlaalna 

548 

9,333 

HQAC-H2O 

1 <^lno  -4-Chloro  -3  -Toluanaaulfonic  ac  id 
N (1 -Naphthyl ) athylanadiamiaa 

552 

8,000 

HOA0-H2O 

Sulfanilamide 
1 ,8-Naphthalenadiamina 

544 

17,000 

UOAC-H2O 

Sulfanilic  acid 
1 ,8-Naphthalanediamina 

550 

9,000 

H0Ae-H2O 

Diaminodiphenylaulfone 
N -Phenyl -2 -Naphthylamlna 

518 

8,333 

HQAc  >820 

Di-o-Anisidine 

l-Afflino-7-Naphthalene8ul£<mic  acid 

564 

14,333 

HQAC.H2O 

4-Amlnoacetophenona 
N (1 -Naphthyl)ethylenediamine 

552 

31,333 

HOAC-H2O 

1 •Amino -2 , 5 -Dichloro -4-Banseneaul£onlc 
acid 

lAmino-7-Naphthalenasul£onic  acid 

540 

31,333 

HOAC  .H2O 

1 Amino -2^5 -Benzenedisulfonic  acid 
1 ,8-Naphthalenedlamine 

544 

13,333 

HOAC-H2O 

Sulfanilic  acid 

lAffllno-7-Naphthalenaaulfonic  acid 

531 

40,000 

H0Aa-H20 

4Aminoacatophenone 
N -Phenyl -2 -Naphthylamlna 

519 

18,000 

HOAc  .H2O 

Sulfanilic  acid 
N,N-Diethylaniline 

511 

11,000 

HOAC.H2O 

Di-oAniaidine 

N (1 -Naphthyl) athylanadiamina 

598 



10,333 

HOAe  -R2O 

42 
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TABLE  A4t  (Continued) 


Roagont 

^max 

. t 

Solvant 

5 -Chloro  >2  •Amlnoanlaola 
l<Amlno-7>Naphthalanasul£onlc  acid 

548 

33,667 

HOAC.H2O 

Diamlnodlphanylaulfona 
1 •Amino -7>Kaphthalanasul£onlc  acid 

528 

44.000 

HOAC-H2O 

Sulfanilamide 

l-Amlno-7-Maphthalanaaul£onlc  aeld 

523 

51.333 

Ii0A«  <H20 

p*Affllnobanaolc  aeld 
M -Fhany 1 -1 «Naphthy lamina 

564 

49.667 

H0AC-H2O 

Dlamlnodlphanylaulfona 
N -Phenyl -1 -Haphthy lamina 

566 

47.000 

H0Ae-H20 

Sulfanilamide 
N -Phenyl -1 -Naphthy lamina 

558 

46.333 

H0AC-H2O 

Dl-Julolldlno -methane 

636 

193.333 

HGAC.H2O 

01- o-Anieldine 

2- Naphthol 

481 

6.667 

0.1  NaOH- 
H0AC-H20 

Sulfanlllc  acid 
Phenol 

348 

4,433 

0.1  NaCMl- 
HOAC-H2O 

2 ,6-bia (dlmethylamlno) anthracene 

469 

2.667 

H0Aa-B2O 

520 

433.333 

HOAC.U2O 

4,4S^’  Methylldynetrls(N,N- 
dlffinthylanillne 

590 

17,000 

HQAC.H2O 

or , or -bis  (p-dlmethylamlnophenyl)  -2- 
methoxy-p-creeol 

608 

10.667 

HQ4(r-H20 

4-chloro-or,Qr-b£e  (p-dlmethylamlnophenyl) 
o-cresol 

- 630 

8.333 

HQA0-H2O 

4,4* (2-Thenylldane)ble(N,N-dlmethyl- 
anlllne) 

628 

379 

5,333 

25,667 

H0AC-H2O 

48 
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TABLE  A-8  (Contlnuad) 


R««g«nt 

^ntax 

c 

Solvant 

ar,ar-blft  (p-diaethylaffllnophenyl)  -p-cresol 

607 

21,667 

H0AC«H20 

459 

8,333 

a ,4r-b  (p<41iMthyliuitlnoph«nyl><i6-iMthoxy- 

618 

10,833 

HQAb.Hj,0 

m-tolu«n«tulfonlc  flodlum  salt 

448 

4,500 

Anthrsnllle  acid 
N (l-Naphthyl)ethylensdiamina 

558 

19,333 

HOAC.H2O 

44 
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TABLE  A-9  EVALUATION  OF  MITBAIB  ESTER  REAGENTS 
FOR  REPRODUCIBH  JTY 


lat  Evluatlon  2nd  Evaluation 
R««g«nt  ^aax  nnax  c 


I'Anlno-T^Naphthalencaulfonle  Acid 
N'N-Dlme thy 1- 1 -N«p thy lamlne 

546 

24.  LOO 

547 

24,770 

Sulfanllwilde 
N'Pheny  1- 1-Napthylaailne 

sss 

43,970 

556 

44,830 

p-Nltroanillne 
N-Phenyl- 1-Naphthy lamina 

558 

31,370 

557 

33,033 

p-Afflinobenzole  Acid 

8*Amlno-l-Naphthol'-3,6-diaul£onlc  Acid 

537 

30,500 

536 

25,570 

p-Affllnobenzonitrila 
N-Phenyl- 1-Naphthy lamina 

557 

50,300 

557 

49,830 

p'Aminobenzole  Acid 
N ( 1 - Naph thy 1 ) a thy lenad lamina 

555 

36,670 

553 

32,670 

4~Amlnosalicylic  Acid 
N ( I'Naph thy 1) athy lenediamine 

550 

27,300 

550 

27,870 

Procaina 

N,N-Dlmethyl-l-naphthylamine 

530-535 

42,330 

533 

45,770 

p-Nltroanlline 

N, N-Dlmethy 1*1 'naphthy lamina 

528 

45,300 

527 

45,630 

Sulfanllic  Acid 
N ( 1-Naphthyl) ethylanadlamine 

550 

33,300 

552 

19,900 

p*Nltroaniline 

N* (l-Naphthyl)athylanediamine 

545 

28,000 

547 

25,430 

Procaine 

N ( 1 -Naphthy 1 ) achy luned lamina 

550 

30,670 

548 

22,170 

p-Amlnobanzonitrile 
H ( 1 -Naph  thy 1 ) a thy lanad lamina 

544 

40,670 

544 

32,530 

Diaminodiphenylaulfone 

N(l*Naphthyl)athylAnadiamina 

550 

34,000 

534 

39,200 

m-Aminobanzontrifluorlda 
N ( 1 • Naph thy 1 ) a t hy lanad lamina 

542 

26,330 

543 

19,270 

Oiamlnodiphenylaulfona 
N ,N-Dimethyl- 1-naphthy lamina 

532 

j 

39,000 

533 

39,400 

4S 
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TABLE  A-9  (Contlnuad) 


Reagent 

let  Evaluation 
^max 

2nd  Evaluation 
. ^max  « 

p <■  Amlnoace  tophenone 
N,  N-Dlmethyl-l-naphthylamlne 

S38 

43,000 

539 

41,900 

p-Amlnobenzonltrlle 

N,N-Dimethyl-l-naphchylaiiilne 

528 

38,000 

527 

38,900 

p'Amlnobenzolc  Acid 
N , N- Dime  thy 1 - 1 -naph thy lamina 

535 

47,000 

539 

39,270 

Sulfanilamide 

N ( 1 - Naph thy 1 ) e thy lened lamina 

544 

33,000 

545 

27,400 

Sulfanilamide 

l-Amlno-7-naphthalensulfcnlc  Acid 

524 

44,700 

526 

44,300 

Dlamlnodlphenylaulfone 
l-Amlno-7-naphthaleneaulfonlc  Acid 

528 

39,000 

528 

43,700 

Sulfanilamide 

N,N-Dlme thy 1-1-naphthy lamina 

529 

36,700 

529 

37,633 

p-Amlnobenzonltrllc 
N-Phenyl-l-naphthy lamina 

556 

40,300 

556 

49,230 

p-Amlnoacetophenone 

N*Fhenyl*l-naphthylamlne 

565 

43,000 

568 

52,170 

p-Amlnobenzolc  Acid 
N-Phenyl-l-naphthylamlne 

563 

41,700 

565 

50,970 

l-Amlno-A-chloro-S-tolueneaulfonlc  Acid 
l-Amlno-7>naphthaleneaulfonlc  Acid 

535 

28,700 

538 

35,833 

4*Amlnoacetophenone 
N ( 1 - Naphthy 1 ) a thy lenedlamlne 

552 

31,300 

555 

34,100 

l‘*Amlno-2,5''dlchloro-4**banzeneaulfonlc  Acid 
l-Amlno-^-naphthalencaulfonlc  Acid 

540 

31,300 

511 

35,630 

Sulfanlllc  Acid 

l-Amlno-7-naphthalenaaulfonle  Acid 

531 

40,000 

533 

41,570 

S>Chloro*'2*amlnoanlaole 
l‘*Amlno'*7<*naphthalenaaulfonle  Acid 

548 

33,700 

549 

32,000 

Dlamlnod Ipheny 1 au 1 f one 
l-Amlno'7>naphthaleneeulfonlc  Acid 

528 

44,000 

528 

44,130 

46 
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TABLE  A‘9  (ConCinuad) 


lat  Evaluation  2nd  Evaluation 
Raagant  ^max  ^max  • 


Sulfanilamide 

1 -Amino - 7 -naphtha la naau 1 fonlc  Ac Id 

523 

51,300 

525 

44,270 

p-Amlnobanaolc  Acid 
N- Pheny 1 - 1 -naph thy lamina 

564 

49,700 

564 

51,970 

Dlamlnodlphanylaulfona 
N-Phanyl- 1-naphthy lamina 

566 

47,000 

562 

51,633 

Sulfanilamide 
N-Phanyl- 1-naphthy lamina 

558 

46,300 

565 

49,467 

TABLE  A- II  EVALIATION  OF  NITRATE  ESTER  REAGENTS  ON  VARIOUS  SUBSTRATES 


Clasp  envelope,  glazed  Med. brown  >100 
Utility  shipping  bag  Med. brown  4.0 
Styrdite  shipping  bag  Med. brown  40.0 


TABLE  A-1 1 (Continued) 
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TABLEA-12  BVAUIATXON  OF  RDX  REAGENTS 


R««gent 

X 

max 

s 

Solvent 

p •Amino bens ole  ecld 
N (1 -naphthyl) ethylenedlamine 

555 

36,666 

HOAc-H^O 

Aminosalicylic  acid 
N (1 -naphthyl) ethylenedlamlne 

550 

27,333 

HOAc-H^O 

4<Affllnoacetophenone 
N -Phenyl -2 -naphthy lamina 

515-525 

12,500 

HOAC-U2O 

01-o-anlsldlne 

m-Fhenylenedi«mine 

455 

25,500 

HOAC-H2O 

Sulfanlllc  acid 
m-Phenylenedlamine 

453 

19,778 

HOAC-H2O 

p-Chloroanlllne 
N ,N-Dlmethy 1 -na  phthy lamlne 

550 

14,333 

HOAC-H2O 

2 -Naphthylamlne -6 , 8 'dlsulf unlc  acid 
N , N -Dimethyl - 1 -naphthylamlne 

558 

5,500 

HOAC-H2O 

N,N,N' ,N* -Tetramethyl-p-phenylenedlamlne 

618 

70,000 

HQAC-K2O 

o-Tolldlne 

440 

16,500 

HOAC-H2O 

Procaine 

N ,N-Dlmethyl -1 -naphthylamlne 

530-535 

42,333 

HaAc-H20 

Sulfanlllc  acid 
N,N-Dlmethyl-1 -naphthylamlne 

543 

21,667 

HOAC-H2O 

Tetramethylbenzldlne 

470 

7,833 

HOAC-H2O 

m-Phenylenedlamine 

450 

16.444 

HOAC-H2O 

l-Affllno-7-naphChalene8ulfonlc  acid 
N (1 -naphthyl ) ethylenedlamine 

560 

7,833 

HOAC-H7O 

Sulfanlllc  acid 
N (1 -naphthyl) ethylenedlamine 

550 

33,333 

HQAC-H2O 

p-Nltroanlllne 

N ,N-Dlmethy 1 -1 -naphthylamlne 

528 

45,333 

HOAC-H2O 

Procaine 

N (l-naphthyl)echylenedlamine 

550 

30,667 

HGAC-H2O 

61 
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TABLEA-12  (Continued) 


Reagent 

^Dtax 

c 

Solvent 

2-Naphthylamine-6 ,8-diaulfonic  acid 
N (l-naphthyl)ethylenedlamine 

550 

5,333 

HOAC-H2O 

p-Chloroanlllne 
N (1 -naphthyl )ethylenedlaffllne 

560 

22,000 

HOAC-H2O 

p>Amlnobenzonltrlle 
N (1 -naphthyl )ethylenedlamlne 

544 

40,667 

HOAC-H2O 

p-Phenylazoanlllne 
N (l-naphthyl)ethylenedlaffline 

498 

175,000 

HOAC-H2O 

D lamlnod Ipheny 1 8 u 1 fone 
N (1-naphthyl) ethylenedlamlne 

550 

34,000 

HOAC-H2O 

AnChra'i7illc  acid 
N (l-naphthyl)ethylenedlamlne 

558 

19,333 

H0AC-H20 

S-AVnlnobenzotrlfluortde 
N (1 -naphthyl ) ethylenedlamlne 

542 

26,333 

HOAC-K2O 

Dlamlnodlphenylsulfone 
N iN-Dlmethyl-l -naphthylamine 

532 

39,000 

HOAC-H2O 

4-Amlnoacetophenone 
N , N -0 Ime  thy 1-1 -naph  t hy 1 amine 

538 

43,000 

HOAc-h20 

p-Amlnobenzonltrlle 
h ,N"01methyl -1 -naphthylamine 

528 

38,333 

HOAC-H2O 

p-Amlnobenzolc  acid 
N ,N-Dlmethyl -1 -naphthylamine 

535 

47,333 

HOAC-H2O 

Sulfanilamide 

N(l-naphthyl)ethylenedlamlne 

544 

33,000 

HOAC-H2O 

4-Aminoacetophenone 
l-Amlno-7-naphthalene8ulfonic  acid 

530 

17,333 

HGAC-H2O 

3-Amlnobenzotrl£luorlde 
1 -Amino -7 -naphthaleneeulfonlc  acid 

521 

15,000 

HOAc-HpO 

p-Amlnobenzonltrlie 
l-AmlnG-7-naphthalenesul£onlc  acid 

520 

18,667 

HOAC-H2O 

Dlamlnodlphenylsulfone 
1 -Amino-7 -naphthalenesulfonic  acid 

528 

39,333 

HOAC-H2O 

52 


TABLE  A'  i 2 (Continued) 


Reagent 

^max 

c 

Solvent 

p*^mlnobensoic  acid 
1 •Amino -7 -naphtha lenesul fonic  acid 

529 

24,333 

HOAC-H2O 

Sulfanilamide 

N , N 'Dime thy 1 - 1 -naph thy 1 amine 

529 

36,667 

HOAC-K2O 

3-Aminobenzotrlf luorlde 
N ,N-Dimethy 1 -1 -naphthy lamlne 

532 

25,667 

HOAC-U2O 

p-Amlnobenzonltrlle 
N-Phenyl -1 -naphthy lamine 

556 

40,333 

HOAC-K2O 

4 -Affllnoace  1 0 phenone 
N-Phenyl -1 -naphthy lamine 

565 

43,000 

HOAC-H2O 

p -Amino benzoic  acid 
N-Phenyl -1 -naphchylamlne 

563 

41,667 

HOAC-H2O 

1 -Amino -4-chloro-3-tolueneaulfonlc 
l-Amino-7-naphthalene8ul£onle  acid 

acid 

535 

28,667 

HOAC-H2O 

1 -Amino -4 -ch  1 0 ro -3  - 1 0 luene  S!i  1 fon  ic 
N(1 -naphthyl )ethylenediamine 

acid 

552 

8,000 

HOAC.H2O 

Sulfanilamide 
1 ,8-Naphthalenedlamlne 

544 

17,000 

HOAC-H2O 

Dl-o-anlsldlne 

1 -Amino -7 -naphthalenesulf onlc  acid 

564 

14,333 

HOAC-H2O 

p-Afflinoacetophenone 
N (1 -naphthyl) ethylenediamine 

552 

31,333 

HOAC-H2O 

l-Amino-2,5-dlchloro-4-benzenesulfonlc  acid 
1 -Amino-7 -naphthalenesulfonic  acid 

540 

31,333 

HGAC-H20 

Sulfanillc  acid 

1-Naphthylamine -7 -sulfonic  acid 

531 

40,000 

HOAC.H2O 

Di-o-anlsidine 
N (1 -naphthyl) ethylenediamine 

598 

10,333 

HOAC-H2O 

5 -Chloro -2 -amlnoanisole 
1 ‘Amino-? -naphthalenesulfonlc  acid 

548 

33,667 

HOAC-H2O 

Sulfanilamide 

1 -Amino -7 -naphthalenesulfonlc  acid 

523 

51,333 

HQAC-H2O 

TABLE  A-)  2 (Continued) 


Reegent 

^max 

c 

Solvent 

Dlamlnodlphenyleulfone 
N -Phenyl  -1  -naphthylanilne 

566 

47,000 

HOAC-H2O 

Dljulolldylmethane 

636 

193,333 

HOAC-H2O 

Dl-o-anisldlne 

2-naphthol 

481 

6,667 

NaOH:HOAc- 

H2O 

l-nAmlno-7-naphthalene8ul£onlc  acid 
N ,N -dimethyl -1 -naphthylamlne 

548 

24,100 

HOAC-H2O 

Dl-o-anlsldlne 

N ,N-dlmethyl -1 -naphthylamlne 

544 

8,300 

HOAC-H2O 

Anthranlllc  acid 
N ,N-dlmethyl -1 -naphthylamlne 

541 

4,333 

HOAC-H2O 

Dlphenylamine 

no 

visible 

5 -Chloro -2 -amlnoaniao le 
N,N-dlmethyl-l -naphthylamlne 

553 

8,967 

HOAC-H2O 

Sulfanlllmlde 
N -phenyl -1 -naphthylamlne 

555 

43,967 

HOAC-H2O 

p-Nltroanlllne 

1 -^Ino  -5  -naphthalenesulfonlc 

acid 

540 

10,500 

HOAC-H2O 

Sulfanlllmlde 

1 -Amino -5 -naphthalenesulfonlc 

acid 

526 

13,133 

HOAC.H2O 

p-Nltroanlllne 
N -phenyl -1 -naphthylamlne 

558 

31,367 

HOAc-H^O 

Sulfanlllc  acid 
1 -Amino -7 -naphthalenesulfonlc 

acid 

538 

19,100 

HOAC-H2O 

4-Amlnoacetophenone 
N-Pheny 1 -2 -naphthylamlne 

518 

18,533 

HOAC-H2O 

p^Amlno benzoic  acid 

8-Amlno-l-naphthol-3,6-dlsulfonlc  acid 

537 

30,500 

HOAC-H2O 

Anthranlllc  acid 

l-Amlno-7 -naphthalenesulfonlc 

acid 

538 

14,833 

MOAC-H2O 

64 
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TABLE  A-12  (Continued) 

Reagent 

X 

max 

« 

Solvent 

Dl>o-enleldlno 
M -Phenyl -1 -naphthylamlne 

612 

21,367 

HOAC-H2O 

p •Amino bensonltrlle 
N -Phenyl -1 -naphthylamlne 

557 

50,300 

HOAC-H2O 

tnnrf 
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TABLEA-I3  EVALUATION  OF 

RDX  AND  NITRATE 

ESTER  REAGENTS 

Reagant 

lit  Evaluation 
^max  « 

2nd  Evaluation 
^max  c 

l-Amlno-7-Naphthalanaiulfonlc  Acid 
N -N -Dimethyl -1-Naphthylamlne 

548 

24,100 

547 

24,770 

Sulfanilamide 
N -Phenyl -1 -Naphthy lamina 

555 

43,970 

556 

44,830 

p-Nltroanlllna 
N -Phenyl -1 -Naphthy lamina 

558 

31,370 

557 

33,033 

p-Amlnobenaolc  Acid 

8>^lno-l .Naphthol  -3 ,6  -dleulfonlc  acid 

537 

30,500 

536 

25,570 

p<^mlnobeneonltrlle 
N -Phenyl -1 -Naphthy 1 amine 

557 

50,300 

557 

49,830 

p -Ami no benzoic  Acid 
N (1 -Naphthyl )ethylenedlamlne 

555 

36,670 

553 

32,670 

4-Amlnosallcyllc  Acid 
N(l-Naphthyl)ethylenedlamlne 

550 

27,300 

550 

27,870 

Procaine 

N ,N-Dimethyl -1 -naphthy 1 amine 

530-535 

42,330 

533 

45,770 

p-Nltroanlllne 

N,N-Dlmethyl-1  naphthylamlne 

528 

45,300 

527 

45,830 

Sulfanllic  Acid 

N(1 -Naphthyl )ethylenedlamlne 

550 

33,300 

552 

19,900 

p-Nltroanlllne 

N (1 -Naphthyl )ethylenedlamine 

545 

28,000 

547 

25,430 

Procaine 

N (1 -Naphthyl )ethylenedlamlne 

550 

30,670 

548 

22,170 

p-Amlnobenzonltrile 
N (1 -Naphthyl )ethylenedlamlne 

544 

40,670 

544 

32,530 

Diaminodlphenylaulfone 
N (l-Naphthyl)ethylenedlamlne 

550 

34,000 

534 

39,200 

m-Amlnobenzotrlfluorlde 
N (1 -Naphthyl ) ethy lenedlamlne 

542 

26,330 

543 

19,270 

Diaminodlphenylaulfone 
N ,N-Dlmethyl -1 -naphthylamlne 

532 

39,000 

533 

39,400 
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TABLE  A<n  (ContlQued) 


R«agent 

1st  Evaluation 
^max  c 

2nd 

^max 

Evaluation 

c 

p •Affllnoacetophenone 
M ,N-Dlmethyl >1 -naph thy lamina 

S38 

43,000 

539 

41,900 

P'Amlnobenaonltrlle 
N , N >D Ime  thy 1-1 -naphtby lamina 

528 

38,000 

527 

38,900 

p -Amino  benaolc  add 
K ,N-Dlmathyl -1 -naphthy lamina 

535 

47,000 

539 

39,270 

Sulfanilamide 

N (1 -Naphthyl ) ethylenedlamlna 

544 

33,000 

545 

27,400 

Sulfanilamide 

l-Amlno-7-naphthalenesulfonlc  acid 

524 

44,700 

526 

44,300 

Dlamlnodlphenylsulfone 
1 Amlno-7 -naphthalenesulf onlc  acid 

528 

39,000 

528 

43,700 

Sulfanilamide 

N ,N -Dimethyl -1 -naphthyl amine 

529 

36,700 

529 

37,633 

p-Amlnobenzoni trile 
N-Pheny  1 -naphthylamlne 

556 

40,300 

556 

49,230 

p Aminoacetoplienone 
N -Phenyl -1 -naphthylamlne 

565 

43,000 

568 

52,170 

p-Aminobenzolc  acid 
N -Phenyl -1 -naphthylamlne 

563 

41,700 

565 

50,970 

( 

l-Amlnu-4-chloro-3-toluenesulfonic  acid 
l-Amlno-7-naphthalenesulfonlc  acid 

535 

28,700 

538 

35,833  i 

1 

4-Aminoacetophenone 
N (1 -Naphthyl ) ethylenedlami ne 

552 

31,300 

555 

34,100 

i 

t 

1 -Amino -2 , 5 -dlchlo co -4-benzeneaul f onlc  acid 
1 -Amino -7 -naphthalenesulfonlc  acid 

540 

31,300 

511 

35,630  i 

Sulfanillc  acid 

1 -Amino -7 -naphthalenesulfonlc  acid 

531 

40,000 

533 

41,570 

5 -Chloro -2 -amlnoanlsole 
1 -Amino -7 -naphthalenesulfonlc  acid 

548 

33,700 

549 

32,000 

Dlanlnodlphenylsulfone 
1 -Amino -7 -naphthalenesulfonlc  acid 

528 

44,000 

528 

44,130 
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T A^LE  A*1 3 (Continued ) 


■let  Evaluation 

2nd  Evaluation 

Reagent 

^max 

c 

^max 

c 

Sulfanilamide 

1 -Amino«7 onaphthalenaBulfonlc  acid 

523 

51,300 

525 

44,270 

p<^lnobensolc  acid 
N -Phenyl -1 -naphthylamlne 

564 

49,700 

564 

51,970 

Diaolnodlphenylsulfone 
N-Phenyl-1 -naphthylamlne 

566 

47,000 

562 

51,633 

Sulfanilamide 
N-Phenyl -1 -naphthylamlne 

558 

46,300 

565 

49,467 
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TABLEA-15  EVALUATION  OF  RDX  REAGENTS  ON  VARIOIB  SUBSTRATES 
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Styrdite  shipping  bag  Hed.brovn  4.0 
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Development  Command 
Attn:  DRDAR-LCE 
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Dr.  J.  W.  Harrison 

Engineering  Division 
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Research  lYiangle  Park,  NC  27709  1 
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